IMPORTANCE Fluorescent imaging with indocyanine green can be used to visualize lymphatics. Peritumoral injection of indocyanine green may allow for visualization of every draining lymph node from a primary lesion on near-infrared imaging.
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Video and Supplemental content S urgery is the mainstay of treatment for gastric cancer. Radical oncologic surgery for gastric cancer involves performing gastric resection with negative margins and adequate systemic lymph node dissection (LND) for patients without distant metastasis; for advanced gastric cancer, D2 LND (ie, lymph nodes surrounding the main arteries supplying the stomach are also removed) is standard, while D1+ LND, which is less extensive (ie, only perigastric lymph nodes are removed), is recommended for early gastric cancer.
1,2 Adequate LND facilitates both proper staging and achievement of better survival outcomes. [3] [4] [5] In the current TNM staging system, nodal classification can be determined only when the total number of lymph nodes examined exceeds 15. 6, 7 Therefore, sufficient dissection of lymph nodes from the resected specimen is critical to the evaluation of nodal status. 8, 9 Insufficient LND and inadequate lymph node evaluation have been found to result in poorer survival after gastrectomy among patients with gastric cancer. 10, 11 We suspect that a single technique that allows for intraoperative assessment of LND and for thorough examination of lymph nodes from the resected specimen would aid in classification of the nodal stage. Near-infrared (NIR) fluorescent imaging after peritumoral injection of indocyanine green (ICG) has been found to provide surgeons with effective visualization of the lymphatic anatomy.
12, 13 The technique shows high sensitivity and good depth penetration with even a small amount of ICG. Moreover, ICG remains detectable by NIR imaging for several days after its injection into the lymphatic system, allowing a sufficient time interval for visualizing all draining lymph nodes.
14,15
In the present study, we tested the hypothesis that peritumoral injection of ICG at a sufficient time before surgery would allow for visualization of every draining lymph node from the primary tumor under NIR imaging, facilitating more complete lymphadenectomy of regional lymph nodes during gastrectomy. Moreover, we suspected that the use of NIR imaging when retrieving lymph nodes from resected specimens would facilitate the harvesting of small fluorescent lymph nodes that would otherwise prove difficult to identify by conventional, manual methods of lymph node retrieval. Altogether, by facilitating more complete LND and more thorough lymph node retrieval from resected specimens, the use of fluorescent lymphography under NIR imaging with ICG would increase the number of lymph nodes harvested compared with conventional gastrectomy without lymphography.
Methods

Patients and Eligibility
We conducted a prospective single-arm study allowing for comparison with historical controls (eFigure 1 in the Supplement). We enrolled patients who were scheduled for robotic gastrectomy between August 30, 2013, and July 21, 2014. We included patients between 20 and 80 years of age regardless of sex. Patients had histologically proven gastric adenocarcinoma, tumor sizes of less than 4 cm in diameter, and clinical stage I disease (T1N0M0, T1N1M0, and T2N0M0) according to the seventh staging system from the American Joint Committee on Cancer. 7 We excluded patients with an Eastern Coop- 
Experimental Procedures
Endoscopic ICG Injection As a fluorescent contrast agent, ICG (Dongindang Pharmaceutical) was prepared as a 1.25-mg/mL solution in sterile water ( Figure 1A ). During endoscopy for tumor localization on the day before surgery, 16 we injected 0.6 mL of the prepared solution, containing 0.75 mg of ICG, along the submucosal layer of the stomach at 4 points around the primary tumor. The total volume of injected ICG solution was 2.4 mL, for a total ICG amount of 3 mg.
Surgery
We used the da Vinci Si Surgical System (Intuitive) equipped with the Firefly mode to acquire NIR fluorescent images for all patients. Because the surgical system contains a module for fluorescence imaging, a simple finger click can change between visible light and NIR imaging (green spots under a dim background) without the need to change any equipment. During surgery, the surgeon frequently turned on the NIR mode before and after dissection at each lymph node station (Video 1).
We determined the extent of gastric resection for distal gastrectomy or total gastrectomy according to the tumor location. We performed D1+ LND for early gastric cancer without evidence of lymph node metastasis and D2 LND if there was any suspicion of advanced gastric cancer or lymph node metastasis. The LND procedures have been described in detail
Key Points
Question Is it possible to complete lymphadenectomy for gastric cancer by application of fluorescent image-guided lymphadenectomy?
Findings In this single-arm study, peritumoral indocyanine green injection as a fluorescent lymphatic tracer given 1 day before radical gastrectomy successfully visualized all lymph nodes draining from the primary lesion on near-infrared imaging. More lymph nodes were retrieved with low noncompliance after robotic gastrectomy for gastric cancer with near-infrared imaging than without near-infrared imaging.
Meaning Fluorescent lymphography may be a useful tool for performing complete lymphadenectomy, assessing the adequacy of lymphadenectomy intraoperatively, and retrieving lymph nodes thoroughly from resected specimens.
previously. [17] [18] [19] When residual lymph nodes containing fluorescence were identified in the dissected area, these lymph nodes were additionally removed (Video 2). Although we occasionally detected fluorescent lymph nodes outside the planned dissection area (stations 10, 11d, 12a, and 14v), excessive dissection beyond the scope of D2 LND was not performed. After LND, the surgeon rechecked the surgical field under the NIR mode to confirm a lack of residual fluorescence, ensuring complete LND.
Lymph Node Harvest From the Resected Specimen
We separated lymph node-bearing soft tissue from resected specimens ex vivo according to the definition of lymph node stations based on the Japanese classification. 20 We then retrieved fluorescence-containing nodes from each station under direct visualization using NIR imaging (Video 3). Lymph node stations that emitted fluorescence were classified as fluorescent stations, and fluorescence-emitting lymph nodes at the fluorescent stations were classified as fluorescent lymph nodes ( Figure 1B ). We reexamined paraffin blocks containing the lymph nodes using the NIR imaging system to confirm the fluorescence status and to match the fluorescence-containing lymph nodes and the results of pathologic testing.
Measurement of LND Efficiency
We categorized the total number of overall lymph nodes retrieved with reference numbers of 16 and 30 because the minimum number of lymph nodes for proper nodal staging is 16 according to current staging guidelines. 21 The eighth edition of the American Joint Committee on Cancer staging system suggests that the removal of 30 or more nodes is desirable.
21
We defined noncompliance of LND per station as containing no lymph nodes from the dissected station. We defined noncompliance per patient as the absence of lymph nodes from 2 or more lymph node stations that were supposed to be harvested. Contamination was defined as the presence of lymph nodess from 2 or more stations that were not supposed to be harvested.
3,22
Historical Controls
We identified 132 consecutive robotic gastrectomies for gastric cancer performed between January 1, 2012, and August 31, 2013, in a prospectively collected gastric cancer database at our institution. To make the eligibility criteria equal between the control group and the lymphography group, we excluded 21 patients with disease beyond clinical stage I and 10 patients with combined resection of another organ. Then, we used propensity score matching to compensate for differences in baseline characteristics between the prospectively enrolled patients and the historical controls. The propensity scores were calculated with covariates of age, sex, depth of tumor invasion, type of gastric resection, and extent of LND. All patients in the prospective study group were matched 1:1 with a control with the nearest available score without replacement. Finally, of the 101 patients in the historical control group, 40 were matched by propensity score matching. The 2 groups were well balanced with regard to baseline characteristics and pathologic features after matching ( Table 1) , and no significant dif- Research Original Investigation Fluorescent Lymphography-Guided Lymphadenectomy During Robotic Radical Gastrectomy for Gastric Cancer ferences between the 2 groups in operative outcomes were detected ( Table 2) .
Statistical Analysis
Statistical analysis was performed from January 1, 2015, to July 31, 2016. We report all continuous variables as mean values with SDs and ranges. Continuous variables were analyzed with the Mann-Whitney test for the prospective study data set and with the t test for comparison with the historical controls. Categorical variables were compared with the χ 2 test or the Fisher exact probability test for comparison with the historical controls, as appropriate. All P values were from 2-sided tests and results were deemed statistically significant at P < .05. All statistical analyses, including propensity score matching, were performed with IBM SPSS Statistics, version 23 for Windows (IBM Corp). 
Lymph Node Examination
We dissected 432 lymph node stations containing 1956 lymph nodes from the 40 patients in the NIR group, for a mean (SD) of 10.8 (1.4) stations per patient (range, 9-14 stations per patient) (eFigure 2 in the Supplement). The mean (SD) number of overall harvested lymph nodes per patient was 48.9 (14.6) (range, 25-92), and the mean (SD) number of lymph nodes per station was 4.5 (3.9) (range, 0-30). For all patients, more than 15 lymph nodes were retrieved, and for 37 patients (92.5%), more than 30 lymph nodes were retrieved. In fact, at the same anatomical lymph node station, more lymph nodes were retrieved when the fluorescent station was stained than not, except at stations 2 and 4sa. However, statistically significant differences in retrieved lymph nodes per station were observed only for stations 4sb (2.7 vs 1.2; P =.046)and6(7.5vs4.3;P = .01) (Figure 2) .
Of 432 stations dissected, 54 (12.5%) did not contain lymph nodes. The rate of noncompliance of LND per station was 5.2% for fluorescent stations (15 of 289), whereas a higher rate of noncompliance of 27.3% was recorded for nonfluorescent stations (39 of 143; P < .001). Noncompliance per patient, which was defined as the absence of lymph nodes from 2 or more lymph node stations that were supposed to be harvested, was observed for 14 patients (35.0%), whereas contamination of lymph nodes that were not supposed to be harvested was noted in 3 patients (7.5%).
Five patients had lymph node metastases, and each patient had 1 metastatic lymph node. All 5 metastatic lymph nodes were fluorescent.
Comparison With Historical Controls
A total of 422 lymph node stations containing 1408 lymph nodes were dissected from 40 historical control patients. 
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The mean (SD) number of overall lymph nodes harvested per patient was 35.2 (11.2) (range, 18-78), and the mean (SD) number of lymph nodes per station was 3.3 (3.2) (range, 0-22). The mean (SD) number of lymph nodes retrieved per patient among the historical controls (35.2 [11.2]) was significantly lower than that for patients in the NIR group (48.9 [14.6]; P < .001). Although at least 16 lymph nodes were retrieved for all patients in either group, a total of 30 or more lymph nodes were retrieved from 37 patients in the NIR group (92.5%) and from only 25 patients in the historical control group (62.5%; P = .001). When we divided lymph nodes into perigastric (stations 1, 2, 3, 4, 5, and 6) and extraperigastric (stations 7, 8, 9, 11, and 12a) regions, the mean (SD) number of retrieved lymph nodes was significantly higher in the NIR group than in the historical control group for both the perigastric (28.8 [11.6] vs 23. 5 [8.7] ; P = .02) and extraperigastric (19.9 [8.4] vs 11.3 [6.0]; P < .001) regions. In subgroup analysis according to the extent of gastrectomy and LND, patients who underwent distal gastrectomy in the NIR group showed significantly more lymph nodes retrieved than did their counterparts in the historical control group. The differences in the number of harvested lymph nodes were more obvious in the extraperigastric area ( Figure 3A) . The lymph nodes in the stations of D1+ LND for distal gastrectomy (stations 1, 3, 4sb, 4d, 5, 6, 7, 8, and 9), which are always dissected during gastrectomy for gastric cancer, were harvested more often in the NIR group than in the historical control (mean [SD] number, 43.1 [13.1] vs 31.3 [9.8]; P < .001). Although the overall mean (SD) number of lymph nodes per station was higher in the NIR group than in the historical controls (4.5 [3.9] vs 3.3 [3.2]; P < .001), significant differences were observed only for stations 2, 6, 7, 8, and 9 ( Figure 3B ).
The rate of noncompliance per station in the historical controls (78 of 422 [18.5%]) was significantly higher than that in the NIR group (54 of 432 [12.5%]; P = .02). This rate was significantly higher than the rate of noncompliance for fluorescent stations in the NIR group (15 of 289 [5.2%]; P < .001) but lower than that for nonfluorescent stations in the NIR group (39 of 143 [27.3%]; P = .03). Noncompliance per patient was observed for 14 patients (35.0%) in the NIR group and 23 patients (57.5%) in the historical control group (P = .04). Contamination of lymph nodes that were not supposed to be harvested was similar between the 2 groups: 1 patient (2.5%) among the historical controls and 3 patients (7.5%) among the NIR group (P = .62). 
Discussion
Fluorescent lymphography with endoscopic peritumoral injection of ICG given 1 day before robotic gastrectomy effectively facilitated the visualization of lymph nodes that drained from the primary tumor. Using fluorescent lymphography with NIR imaging allowed us to perform complete lymphadenectomy for all patients and to assess the thoroughness of the lymphadenectomy intraoperatively. Consequently, we were able to retrieve more lymph nodes with low noncompliance after robotic gastrectomy for gastric cancer with NIR imaging than without NIR imaging. Although lymphography has previously been used in surgery for gastric cancer, the reported techniques were used only to identify lymphatic drainage patterns or sentinel lymph nodes. 15, 23, 24 As the longer wavelengths of NIR allow for greater penetration and identification of lymph nodes inside thick fatty tissues, ICG under NIR imaging has been found to offer better visualization of lymph nodes than other dyes observable by the naked eye under visible light. 12 Better visualization of lymph vessels and lymph nodes during surgery enables the surgeon to achieve en bloc resection of the lymphatics and lymph nodes without breakage of lymphatic structures, thereby preventing tumor cell spillage during resection, thus potentially providing oncologic benefit. Moreover, fluorescent lymphography can help surgeons perform safer surgical procedures by preventing injuries when dissecting lymph node-bearing soft tissue around blood vessels or the pancreas. In the present study, we found that intraoperative fluorescent lymphography guided the surgeon for the complete removal of all lymph nodes containing ICG within the extent of the planned LND. In addition, the technique allowed for intraoperative assessment of the thoroughness of the lymphadenectomy because any fluorescent lymph nodes left in the dissected area would have been easily detected. Thus, a study evaluating fluorescent lymph nodes left behind by NIR imaging after completing LND without NIR imaging would confirm lymph node stations additionally dissected with NIR visualization. Applying NIR imaging in the present study, we were able to obtain more lymph nodes and to achieve a lower rate of noncompliance. Although the increase in the number of retrieved lymph nodes may have resulted from more precise dissection, it also may have stemmed from more thorough retrieval of lymph nodes from the resected specimen. Retrieving lymph nodes under NIR visualization permitted identification of even tiny lymph nodes owing to the high sensitivity of NIR imaging compared with the conventional method of separating lymph nodes from fatty tissue with manual lymph node retrieval under the naked eye. Near-infrared imaging allowed for proper staging on a thorough examination of lymph nodes retrieved without the need to further apply complicated methods of lymph node harvesting, such as the fatclearing technique. 25 Because harvesting a sufficient number of lymph nodes is essential for proper staging and because inappropriate staging, especially underestimating, may lead to inappropriate management of patients by withholding adjuvant treatment, an increase in the number of lymph nodes retrieved and the potentially more appropriate staging resulting from lymph node harvesting are likely to have a positive effect on survival. 6, 26 Thus, in light of our results, we suggest that application of NIR imaging to gastric cancer surgery can be of use in ensuring both higher surgical quality and proper staging. These advantages of our techniques would offer greater benefit to surgeons in Western countries with a higher prevalence of obese patients and low incidences of gastric cancer. Most studies using NIR imaging with ICG for gastric cancer have focused on sentinel lymph node mapping; however, our purpose for the use of NIR imaging with ICG was to visualize every draining lymph node from the primary tumor for complete LND and intraoperative assessment of the thoroughness of LND. To establish an optimized protocol for injection of ICG, we tested various doses, concentrations, and timings of injection of ICG before initiation of this study. Injection of the commonly used 2.5-mg/mL dose of ICG resulted in extensive diffusion of ICG around lymph nodes, and the strong intensity of fluorescence hampered the identification of the lymphatics and the delineation of the lymph nodes from surrounding tissue. Meanwhile, because ICG requires sufficient time to spread to lymph nodes, intraoperative injection of ICG would make the operation time longer. Moreover, intraoperative endoscopy may have rendered the surgical field cluttered by insufflated air in the small intestine. In a previous study, researchers reported that intraoperative subserosal injection resulted in lower accuracy than submucosal injection, even for the detection of sentinel lymph nodes. 15 Another study evaluating NIR fluorescent image-guided lymphadenectomy for gastric cancer also used subserosal injection of ICG for sentinel lymph node biopsy. 13 Thus, we opted to apply endoscopic submucosal injection of ICG preoperatively to allow for sufficient distribution of the fluorescent agent and to avoid a lengthy surgery. Furthermore, we discovered that this protocol fit nicely with typical clinical practice, as most patients are admitted to the hospital 1 day before surgery, thereby allowing for injection of ICG on the day of admission and reducing additional hospital visits. However, the efficiency of injecting ICG several hours before or just before starting the operation needs to be evaluated to determine the optimal timing of the injection. Although this study specifically examined the benefits of NIR imaging for gastric cancer surgery, the concept of the study is applicable for several other tumor types that hold the potential for lymph node metastasis. Examples of such tumors are colorectal, cervical, and esophageal cancer. In addition, injection of ICG boasts an advantage for tumor localization. Because ICG is injected around the tumor, it is also helpful for determining gastric resection margins.
Limitations
Our study has several limitations. First, our study was not conducted as a randomized clinical trial. Second, because it was impossible to apply surgeon masking for fluorescent lymphography during surgery, the surgeon may have been biased toward the extent of LND. Therefore, we used propensity score matching to compare the results with an equivalent patient group to overcome the limitations related to the nonrandom-ized, nonblinded nature of the study. However, a large-sized multi-institutional prospective randomized clinical trial is needed. Third, our enrollment of patients with relatively earlystage disease with low lymph node metastasis is another limitation. Although all metastatic lymph nodes were fluorescent in this study, it would be difficult to determine metastatic lymph node-specific sensitivity or specificity of fluorescent lymph nodes. High sensitivity and specificity for metastatic lymph nodes among fluorescent lymph nodes would enable application of tumor-specific, personalized LND according to individual tumor locations and lymphatic drainage patterns. Moreover, it remains unclear whether our use of fluorescent lymphography to guide LND and retrieval increased the number of positive lymph nodes retrieved in comparison with conventional methods. Thus, whether this technique can change tumor staging and consequently influence clinical practice should be evaluated in further studies including a larger number of patients with lymph node metastasis. Nonetheless, our observation that this technique increased the number of lymph nodes retrieved suggests that fluorescent lymphography is useful for proper staging. Fourth, our study had a relatively small number of cases to analyze the lymphatic drainage patterns according to each tumor location. Further study with a larger number of patients would show the correlation between tumor location and lymphatic drainage patterns.
Conclusions
Near-infrared fluorescent lymphography after injection of ICG 1 day before surgery facilitated effective visualization of draining lymph nodes, providing guidance for LND during surgery for gastric cancer. We deemed fluorescent lymphography to be a useful tool for performing a complete lymphadenectomy, assessing the adequacy of lymphadenectomy intraoperatively, and retrieving lymph nodes thoroughly from resected specimens for pathologic staging. Our protocol of florescent lymphography was found to offer increased lymph node retrieval without any discernible disadvantages. Wider adoption of this technique should be considered in clinical practice. the use of fluorescent lymphography-guided lymphadenectomy during robotic gastrectomy for gastric cancer. They hypothesized that the peritumoral injection of indocyanine green (ICG) would allow for visualization of every draining lymph node from the primary lesion, therefore allowing a more complete and thorough lymphadenectomy. The day before the scheduled operation, they endoscopically injected 3 mg of ICG in the submucosa around the tumor in 40 patients who had a clinical stage I disease (T1N0M0, T1N1M0, or T2N0M0) according to the 7th staging system of the American Joint Commission on Cancer. 2 The gastrectomy was performed using the da Vinci Si Surgical system (Intuitive) equipped with the Firefly mode to acquire near-infrared (NIR) fluorescent images. After propensity score matching, the results in these 40 patients were compared with those of 40 historical control patients who underwent robotic gastrectomy without injection of ICG. The primary outcome was the number of retrieved lymph nodes in total and in each nodal station. The results of their study clearly showed that the use of NIR imaging determined the retrieval of a higher number of harvested lymph nodes per patient, and for stations 2, 6, 7, 8, and 9.
This study confirms the results of other investigators who have shown that NIR imaging with ICG helps the assessment of lymph node dissection during minimally invasive gastrectomy. [3] [4] [5] [6] For instance, Kim and colleagues 3 assessed the value of intraoperative (15 minutes before dissection) submucosal injection of ICG in 15 patients who underwent laparoscopic pylorus-sparing gastrectomy and in 15 patients who underwent laparoscopic distal gastrectomy. The mean time to detection of the first node with ICG uptake by using NIR was about 3 minutes. The use of ICG proved particularly useful for the identification and dissection of the lymph nodes in the infrapyloric region. The information provided by these studies is particularly important for surgeons in Western countries for 2 reasons: there is a low incidence of gastric cancer and therefore limited experience with laparoscopic or robotic gastrectomy, and there is a high prevalence of patients with obesity in whom the operation is more challenging. The use of ICG could increase the number of retrieved lymph nodes, allowing better staging and improving the cure rate. Because most patients are admitted the morning of the operation, it would not be practical to perform an endoscopy the day before the procedure. As shown by Kim and colleagues, 3 the endoscopic injection of ICG can be performed immediately after induction of anesthesia. This has been performed successfully in patients with esophageal cancer, with excellent visualization of the draining lymph nodes.
